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@ Arrangement for sensing several components of force. 

@ A strain sensing arrangement includes a rigid annular 
ring (1) with axis AA', an upper central boss (2) and a lower 
co-axial central boss (3). An upper array of vertical, relative- 
ly flat, wide an flexible beams (4, 5. 6) are connected to the 
upper boss (2) and the rin9(1) and a lower array of horizont- 
al beams (8, 9) are connected to the lower boss (3) and the 
ring (1). Each of the beams (4-6. 11,8. 9, 12, 13) are provided 
with a strain gauge (7, 10) on each side thereof for detecting 
any deflection of the beams. 

When the arrangement is utilised in an assembly robot, 

<the end of an arm of the robot is inserted downwardly into 
the upper boss (2) and a gripper is inserted upwardly into 
- the lower boss (3), so that the strain gauges (7, 10) can 
V detect torsional and/or linear strain acting on the arrange- 
(0 ment caused by relative rotation of the gripper with respect 
ff^ to the arm. 
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: 1 : 

A STRAIN SENSING ARRANGEMENT 
This invention relates to a strain sensing arrangement and 
in particular, though not exclusively, to such an arrangement 
which may be employed in assembly robots. 

Robots of this kind, which are usually provided with a 
5 gripper at the end of an arm thereof, may not be capable of 
adapting to tolerances in the positioning of parts held by the 
gripper on an assembly, for example, correctly inserting a peg 
into a particular hole, and subsequent incorrect insertion of 
parts may lead to them becoming Jammed or damaged* 
10 To alleviate this problem, arrangements^ have been provided 

hitherto, which measxire forces acting on the gripper produced by 
contact of the part in a collision with the assembly, which may 
be caused by misalignment of the part relative to its correct 
positioning on the assembly. 
15 One such known arrangement, resiliently coupling the robot 

gripper to the arm, comprises four deflection bars arranged in a 
cross formation, each bar having a strain gauge bonded to each 
side thereof, so as to act as a force transducer. 

However, such an arrangement requires each deflection bar 
20 to measure strain due to deflection in as least two out of three 
mutually orthogonsil directions, thus generating outputs which 
may necessitate complex analysis. 

It is therefore an object of the present invention to 
provide an improved strain sensing arrangement to those that 
25 have been provided heretofore. 

According to the present invention there is provided a 
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gripper, as well as strain on the gripper produced by 
collisions, and different combinations of the electrical signals 
may be used to derive, by matrix multiplication, three mutually 
orthogonal forces and corresponding torques acting on the 
gripper . 

It may also be seen that, due to the flat nature of the 
flexible beams, they each basically only detect strain due to 
deflection in one of three mutually orthogonal directions, thus 
providing strain measurements which may be easily analysed. 
0 The invention will now be further described by way of 

example only with reference to the accompanying drawings, 
wherein: 

Figure 1 shows schematically a sectional view of a 
preferred embodiment of the invention, and 
5 Figure 2 shows a plan view thereof, and 

Figure 3 shows a plan view of an alternative embodiment of 
the invention. 

Referring to Figure 1, a strain sensing arrangement 
includes a rigid annular ring 1 as a support member with axis 
20 AA», an upper central boss 2 and a lower central boss 3, both 
bosses being co-axial with axis AA* and having a co-axial bore 
2a in boss 2 and 3a in boss 3. 

Connected to the upper boss 2 and to the ring 1 is an upper 
array of relatively flat, wide and flexible beams, three being 
25 shown respectively at ^, 5 and 5. A fourth beam, oppositely- 
facing beam 5, is also provided in this array, but in the 
cross-section shown in Figure 1, this beam is not visible. 

It can be seen that beams 4, 5 and 6 are all arranged in a 
vertical position, that is, in a plane parallel to the plane 
30 containing axis M'. The oppositely-facing wide surfaces of 
each beam 5 and 5 are provided with strain sensing means, 
preferably consisting of semi-conductor strain gauges, one being 
shown at 7- 

Similarly, connected to the lower boss 3 and to the ring 1 
35 is a lower array of relatively flat, wide and flexible beams, 8 
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and 9- Two further beams are also provided in this array, but 
again these are not visible from the view in Figure 1. 

In this lower array, however, it can be seen that beams, 8 
and 9, are arranged in a horizontal position, that is, in a 
plane perpendicular to that containing axis AA». Again, all 
the beams are provided with the strain gauges on each side 
thereof, one such gauge being shown at 10 on beam 8,. 

Referring now also to Figure 2, wherein like parts with 
respect to Figure 1 are labelled with like reference numerals, a- 
complete formation of beams in each array can be seen, the upper 
array consisting of vertical beams 4, 5, 5 and also 11, and the 
lower array consisting of horizontal beams 8 and 9 and also 12 ^ 
and 13» 

From the plan view of Figure 2, it can also be seen that 
vertical beams 4, 5, 6 and 11 are mutually orthogonal and 
horizontal beams 8, 9, 12 and 13 are also mutually orthogonal, 
the beams of the upper and lower arrays being angularly 
interleaved, so that any angle between a horizontal beam and an 
adjacent vertical beam (angle B, for example, between beam 4 and 
beam 9) is approximately 45^. Such an angular arrangement of 
the beams is preferable because each beam is then made 
relatively easily accessible, shoxald, for example, any repair 
work or other alterations need to be carried out on the strain 
gauges provided thereon, as well as providing ease of 
manufacture . 

When such an arrangement in accordance with the invention 
is utilised in an assembly robot, the end of an arm of the robot 
(not shown in the drawings) can be inserted downwardly into bore 
2a and a gripper (also not shown) for the robot can be inserted 
upwardly into bore 3a, thereby xising the arrangement in the form 
of a force/torque transducer for the robot • The bores 2a and 
3a are preferably co-axial, so as to maintain the known axis of 
the gripper • 

The strain gauges, bonded to each side of each beam, are 
connected in pairs, so that they can detect any deflection of 
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the flexible beams, the deflection representing misalignment of 
a part held in the gripper relative to its correct positioning 
on an assembly and/ or misalignment of the assembly itself, and 
produce electrical signals indicative thereof, each flexible 

5 beam substantially only detecting deflection in one of three 
mutually orthogonal directions, two being shown as X and Y on 
Figure 2 and the third being perpendicular to the plane of the 
paper with respect to Figure 2« 

Deflection of the vertical beams 5, 5 and 11 of the 

10 upper array, due to their flat nature would only be 

substantially caused by movement of the gripper relative to the 
arm in a circumferential direction with respect to the annular 
ring 1, which is kept rigid. Strain gauges on these beams, 
one being shown at 7, would therefore be detecting torsional 

15 strain or torque acting on the arrangement caused by relative 
rotation of the gripper with respect to the arm. 

Deflection of the horizontal beams 8, 9, 12 and 13 of the 
lower array would, likewise, only be substantially caused by 
movement of the gripper relative to the arm in a linear 

20 direction parallel to axis AA». Strain gauges on these beams, 
one being shown at 10, would therefore be detecting linear 
strain caused by relative linear movement of the gripper with 
respect to the arm. This linear movement may occur when a part 
which is to be mounted on an assembly, being held in the 

25 gripper, collides with the assembly, instead of, for example, 
being correctly inserted into a required hole therein. 

The electrical signals generated by each of the strain 
gauges can then be used, in different combinations, to derive 
three mutually orthogonal forces and corresponding torques 

30 acting on the gripper by matrix multiplication. 

An advantage of using flexible beams, that are relatively 
wide and fiat, is that they ar^ flexible in substantially one 
direction only, so that a relatively high surface strain is 
ensured in the required direction, whilst the beam remains 

35 substantially rigid in all other directions. The flat nature 
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of the beams also provides improved temperature ccxapensation, 
because any temi>eratiire difference between the two wide surfaces 
of each beam should be relatively small. 

Another advantage of .the arrangement in accordance with the 

5 present invention is that it is relatively light and compact, 
this being substantially aided by the use of flmaii 
semi-conductor strain gauges, so that the arrangement should not 
interfere with the operation of the robot in any way. 

The preferred «nbodiment of the invention comprises a total 

10 of ei^t flexible beams, as this number has been found to 
produce strain measurements that can easily be analysed. 
However, the number of beams is not restricted by the invention, 
so that alternative numbers may be used in alternative angular 
formations • 

15 Additionally, in the preferred embodiment, the annular 

ring, provided as the support member, is approximately of 
diameter 95 mm, of depth 18 mm, and is manufactured from 
aluminivnn, but, of course, alternative sizes^and materials for 
the support menber, as well as alternative configurations 

20 thereof, may be incorporated in the present invention. 

The arrangement in accordance with the invention is also 
preferably formed from a single piece of metal, so as to reduce 
the possibility of hysteresis. 

Alternative devices, which act substantially as force 

25 transducers, may also be utilised instead of semi-conductor 
strain gauges, for example, foil strain gauges may be used. 

Figure 3 shows an alternative configuration of the support 
member wherein triangular cut-out portions , two being shown at 
14 and 15, are formed in the annular ring 1, so that each beam 

30 is joined to a substantially flat surface of the support member 
rather than to a curved siirface, ais, for example, beam 9 of the 
lower array joins flat surface 15 substantially at right angles 
thereto and beam 4 of the upper array joins flat surface 17 also 
substantially at right angles thereto. 

35 It is also preferable in this embodiment that the central 
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bosses 2 and 3 are shaped so that each beam Joints the 
respective boss at a substantially flat surface thereof, such as 
beam H of the upper array joining boss 2 at flat surface 18 
thereof. 
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1- A strain sensing arrangement cjharacterised in that it 
comprises first and second arrays of spoke-like meabers (4-6, 
U, 8, 9, 12, 13)} each array being connected to a respective 
co-axial boss (2,3) and the ends of said spoke-like members 
(4-5, 11, 8, 9, 12, 13) remote from said respective bosses (2, 
3) being connected to a common support member (1), the arrays 
being axially spaced from each other, and the spoke-like members 
(4-6, 11, B, 9j 12, 13) having strain sensing means (7, 10) 
connected thereto, the first array of members (4-5, 11) being 
arranged so as to detect strain produced in a circumferential 
direction relative to the co-axial bosses (2, 3) and the second 
array of members (8, 9j 12, 13) being arranged so as to detect 
strain produced in an aixLal direction relative to the co-axial 
bosses (2, 3)> said strain sensing means (7, 10) generating 
electrical signals indicative of the strain so detected. 

2. A strain sensing arrangement as claimed in Claim 1 
wherein said spoke-like members (4-5, 11,-8, 9, 12, 13) of the 
first and second arrays respectively are angulcirly interleaved. 

3« A strain sensing arrangement as claimed in Claim 1 or 
2 wherein said sp>oke-like members (4-6, 11, 8, 9> 12, 13) of 
each array are mutually orthogonal. 

4. A strain sensing arrangement as claimed in Claim 1, 2 
or 3 wherein said spoke-like members (4-6, 11, 8, 9, 12, 13) 
consist of substantially flat and flexible beams, 
oppositely-facing surfaces of each beam having said strain 
sensing means (7, 10) provided thereon. 

5- A strain sensing* arrangement as claimed in Claim 4 
wherein the beams (4-6, 11) of the first array are disposed in a 
substantially vertical plane parallel to a plane within which 
the axis (AA') of the co-axial bosses (2, 3) lies. 

6. A strain sensing arrangement as claimed in Claim 4 or 
5 wherein the beams (8, 9j 12, 13) of the second array are 
disposed in a substantially horizontal plane perpendicular to a 
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plane within which the axis (AA') of the co-axial bosses (2, 3) 
lies. 

7. An assembly robot including an arm having a gripper 
connected to one end thereof and a strain sensing arrangement, 
5 as claimed in Claim 1, inserted between the end of said arm and 
said gripper. 
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